eggs, rather than appearing to be the odd one out in the clutch. However, brown-headed cowbirds seem not to vary much in their egg coloration and there is little evidence for egg mimicry. The cowbird chicks usually do not evict the host young from the nest but instead compete vigorously with them. In smaller host species, the young will often die of starvation, whereas in larger hosts all chicks can sometimes fledge. Unlike in the common cuckoo, which benefits from evicting the host nestlings to reduce competition, brown-headed cowbirds seem to benefit by keeping the host young in the nest because this maintains high provisioning by the parents. Because the parasitic chick is larger, it is still able to monopolise the food and to obtain a higher proportion of it than the host chicks.
The other four parasitic cowbird species are found principally in Central and South America. They vary in terms of host use, from the shiny cowbird (M. bonariensis), which utilises many host species, to the screaming cowbird (M. rufoaxillaris), which generally specialises on just one. Like the brown-headed cowbird, rates of parasitism by shiny cowbirds vary greatly and can be very high. In contrast to the brown-headed cowbird, the eggs of shiny cowbirds vary substantially in terms of colour and pattern. However, many of their hosts do not reject foreign eggs, and shiny cowbirds often do not seem to show obvious specialisation towards particular hosts. The reasons for such high egg variation are unclear. Recent work in Argentina shows that screaming cowbird fledglings have plumage colours and begging calls that are more similar to their primary hosts (baywing cowbirds, Agelaioides badius; a non-parasite) than are non-mimetic shiny cowbird young. Experiments putting either screaming or shiny cowbird young in baywing nests show high mortality of shiny cowbirds but little mortality of screaming cowbirds. This suggests that hosts reject parasitic young shortly after fledging by stopping feeding non-mimetic fledglings, which subsequently die. The conundrum here is why hosts wait until the fledgling stage to reject foreign chicks, by which time they have already invested a great deal of time and energy.
Our knowledge of the diversity brood parasites and their hosts, in particular their breeding adaptations, has substantially improved in recent years, in part through study of a greater range of species. The more we study brood parasites, the more we have to learn and the greater the range of their adaptions we find. Exciting questions remain, including whether chick mimicry exists other systems, why such differences in evolutionary trajectories and adaptations have occurred among species, and what other deceptive traits parasites have that we have yet to discover. We know very little about the various species of brood parasite that live in under-studied parts of the world, especially areas of east and southeast Asia and New Guinea, so stay tuned for more surprises. An estimated three million insect species all walk using variations of the alternating tripod gait [1] . At any one time, these animals hold one stable triangle of legs steady while swinging the opposite triangle forward. Here, we report the discovery that three different flightless desert dung beetles use an additional gallop-like gait, which has never been described in any insect before. Like a bounding hare, the beetles propel their body forward by synchronously stepping with both middle legs and then both front legs. Surprisingly, this peculiar galloping gait delivers lower speeds than the alternating tripod gait. Why these beetles have shifted so radically away from the most widely used walking style on our planet is as yet unknown. Like all insects described so far, four of seven observed species of Pachysoma, a dung beetle genus endemic to the coastal deserts of South Africa and Namibia, typically walk with an alternating tripod gait (Supplemental information). In this gait, the first and third leg on one side of the body move in unison with the contralateral middle leg [2] (Figure 1A,C) , forming a moving tripod. This tripod alternates with the static, stable tripod made up of the remaining three legs. In many insects, this pattern of leg coordination changes with speed, creating a continuum of stepping patterns ranging from the tripod gait to a 'tetrapod gait', where only two legs (diagonally opposed, one on either side) swing at any one time [3] [4] [5] . All of these seemingly diverse patterns, however, follow a small set of simple rules [2] , including the principal rule that each leg moves out of phase with its contralateral pair, i.e. legs of a pair move alternately. In almost all insect species, synchronous (in-phase) stepping of a leg pair is only observed in exceptional Correspondences circumstances, e.g. when crossing an obstacle [6] , when swimming [7] or for a few steps when the animal begins to walk [4] .
Further reading
Three other species of Pachysoma -P. endroedyi (Figure 1, bottom right) , P. hippocrates and P. glentoni -are the exception to this rule. Living on the sands of Namaqualand (South Africa), these flightless desert dung beetles forage on dry vertebrate dung and plant detritus, which they drag with their hind legs while walking forwards to their burrow [8] . Although they can walk in the normal tripod gait, these beetles usually employ a unique galloping gait, in which they move each pair of legs synchronously, stepping alternately with the front and the middle legs (Figure 1B,D ; Supplemental information). The hind legs are dragged behind, even if the beetle carries no load, and seem to contribute little to propulsion. Although no aerial phase occurs, as is the case in galloping mammals, the leg coordination is that of a gallop, specifically a full bound as found in hares and rabbits [9] .
There should be significant reasons for the evolution of this additional gait, which supplements the most common walking gait in the animal kingdom. In light of this, it is useful to consider the only other insect species walking with a similar, synchronous gait: the primitive jumping bristletail Petrobius brevistylis [10] . The bristletail's 'jumping gait' differs from the Pachysoma gallop in that all three leg pairs alternate in metachronal order -back, middle, front -and that the abdomen and tail are dragged on the ground for stability. Furthermore, a galloping Pachysoma can maintain this gait for at least 100 m, whereas on a rocky beach, the jumping gait of Petrobius will be restricted to decimetres at most. Mechanically, the jumping gait is enabled by the bristletails' leg morphology, in which the first and second joints (pleurites-coxa and coxa-trochanter, respectively) are unique among the arthropods, allowing extensive leg movements. Petrobius also has unusual thoracic and abdominal musculature, which is highly specialised for another type of locomotion: fast escape jump reactions [11] . This musculature enables the animals to cover up to twenty body lengths per second with their jumping gait, which is twice as fast as other, similarly small insects. We found no such speed advantage for the Pachysoma galloping gait. On the contrary, when observing beetles on sandpaper or fabric surfaces (to provide grip), we measured running speeds in the tripod-walking P. striatum that were slightly but significantly faster than those for the sympatric, similarly-sized galloping P. endroedyi ( Figure 1F,G) . This is true both in absolute terms (9.1 ± 1.5 cm/s vs. 7.6 ± 1.6 cm/s, mean ± s.d.; two-sample t-test, t = -2.1, d.f. = 18, p = 0.0498) and in relation to body size (4.2 ± 0.9 body lengths/s vs. 3.1 ± 0.6 body lengths/s, mean ± s.d.; two-sample t-test, t = -3.2, d.f. = 18, p = 0.003).
These results suggest that Pachysoma, in contrast to Petrobius, have not evolved their galloping gait to be faster. The reason why this strange and rare gait has evolved remains unknown. Does it provide an advantage in terms of energy consumption or mechanical stress? Does it make it easier to move straight or stabilise head and eyes while transporting large loads across shifting sands? If true, this would suggest an advantage for navigation between the nest and a foraging site. Testing these hypotheses will bring . Legs are colour-coded as above, thin lines connect legs that move together (black/grey lines represent first/second half of step cycle, respectively). Numbers indicate the order of footfalls. (E,F) Average walking speed measured in tripod-walking P. striatum (black bars) and galloping P. endroedyi (white bars), shown as absolute values (E) and relative to body length (F). All bars show mean ± s.d. of ten beetles per species. Statistics were performed using independent-sample two-sided t-tests. * p < 0.05; ** p < 0.01. us one step closer to understanding the ecological and evolutionary significance of Pachysoma's unusual gait.
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